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Description 

The present invention relates to medical ultra- 
sound images, and in particular, to an ultrasound 
transceiver as defined in the preamble of claim 1. 
Such a transceiver is know from US-A 4 197 750. 

For years, clinical ultrasound systems have in- 
corporated either pulsed or continuous waves 
(CW) ultrasound techniques for imaging of tissue 
structure and flow of blood therethrough: Since the 
tissue investigated is a dispersive medium, signals 
transmitted into and thereafter reflected from tis- 
sue discontinuities suffers significant attenuation. 
That is, the greater the path taken by the acoustic 
signal within the subject, the greater the signal at- 
tenuated and otherwise changed. Previous systems 
have included compensation techniques such as 
time-controlled gain to provide correction for the 
anticipated attenuation by the signal in the subject 
tissue. Similarly, other correction techniques have 
been applied with varying degrees of success. Re- 
gardless of the correction techniques thus far, cer- 
tain problems remain. Typical of these problems are 
the multiple reflections incurred between the sur- 
face of the specimen to be investigated, and the 
surface of the transducer thereof within the ultra- 
sonic probe. Moreover, for the deeper signal pene- 
tration levels, the signal becomes excessively at- 
tenuated, often obscuring critical imaging informa- 
tion, and unfocussed. 

One approach taken by the Applicant in previous- 
ly filed application Serial No. 616,581 (corre- 
sponding to US-A 4 584 880 which Is no prior art in 
the meaning of Art 54(2)), entitled "Tissue Signa- 
ture Tracking TrancerVer," incorporates the phe- 
nomenon of tissue signature analysis, wherein the 
transmitted pulse returns in a frequency-skewed 
form as a result of the transition through the tissue 
medium. However effective the system described 
therein may be, further improvements for technical 
and economic reasons are desired. 

While the method described in the previous dis- 
closure provides substantial improvement in overall 
image quality and in overall image uniformity, the fol- 
lowing limitations exist arising from problems of im- 
plementation and economics: 

1) When filter tracking is implemented, either filter 
inductance or capacitance must be modulated (e.g. 
saturable reactors or varactor diodes) to a very 
great extent because the required modulation of 
component values is the square of the frequency 
range. The resulting impedance variation is signifi- 
cant during the frequency tracking slew. If the per- 
centage of frequency modulation could be reduced, 
the modulations of circuit component parameters 
could be also reduced. 

2) The low-pass and high-pass cutoff frequen- 
cies must track to maintain a constant bandwidth. 

3) The detector, regardless of its sophistication, 
must work with the baseband RF signal. Since the 
video frequency (envelope) information is so close 
to the lowest carrier frequency at the bottom of the 
echo-train, there is the practical problem of design- 
ing a broadband detector that has impressive rise- 



time performance but still suppresses carrier rip- 
ples (e.g., second harmonic). A detector capable of 
meeting the fast rise-time vs. low rippie criterion 
must contain high-order low-pass fitters that repre- 
5 sent some cost. If greater separation between the 
video (envelope) information and the carrier fre- 
quency were possible, one could obtain the required 
detector performance with a simple first-order low- 
pass filter after demodulation. 

10 4) In the design of any practical receiver, given 
a simple, unshielded method of packaging, one is al- 
ways faced with the question of how to design a re- 
ceiver performing under extemely high gain condi- 
tions without uncontrolled feedback. If, for a given 

15 complexity and size of components, one could identi- 
fy an alternative design with less crosstalk from the 
output back to RF front-end input, one would imple- 
ment such a design for that reason aione. 
5) Frequently the ultrasound pulser-receiver is 

20 required to be used in an imaging system that oper- 
ates at several different ultrasound frequencies, 
such as 3.5, 5, and 7.5 MHz. Up until now, either 
broadband receivers had been used, or receivers 
with simple switched fixed-frequency filters have 

25 been used. A tissue-tracking receiver, operating in 
several ranges, of very simple design, would be 
highly desirable. 

The ultrasound transceiver of the present inven- 

30 tion provides a variable frequency, fixed-band- 
width reception of the signals reflected from tissue 
interfaces within the subject, providing improved 
rejection of multiple surface reflections, combined 
with improved signal resolution at the extreme pene- 

35 tration depth. The present invention further pro- 
vides recovery of signals over a greater dynamic 
range than previously known. 

Moreover, the present invention describes an ul- 
trasound transceiver having a detected signai, 

40 which inherently deconvolves the interaction of the 
transmitted pulse signal from the transducer im- 
pulse response and the tissue reflection response, 
providing an enhanced axia! signal resolution. 
The apparatus according to the present invention 

45 as defined in the attached claims is embodied in 
hardware which provides these features, by way of 
a receiver which acquires and converts the re- 
ceived signals to a higher intermediate frequency 
having a constant bandwidth. The conversion to the 

50 higher frequency varies over time, such that the 
portion of the received spectrum changes, while 
maintaining the constant bandwidth requirement 
thus described. The particular details of the upcon- 
verted superheterodyne receiver used in the 

55 present invention provides enhanced signal 
processing and reduces both the false signals and 
economic costs for implementation. Thus the 
present invention provides the desired signal 
processing enhancements while providing a simple 

60 and cost-effective system. 

These and other features of the present inven- 
tion can be better understood by reading the follow- 
ing detailed description, taken together with the 
drawing, wherein: 

65 
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Fig. 1 is a block diagram of the upconversion 
asynchronous transceiver according to the 
present invention; 

Rg. 2 is a graph showing the signal components 
according to the frequency upconversion process 
according to the present invention; 

Rg. 3 is a graph demonstrating the envelope de- 
tection according to one embodiment of the present 
invention; 

Rg. 4 is a graph showing three modes of trans- 
ducer operation; and 

Rg. 5 is a graph showing the differing filter pass- 
bands according to the frequency ranges used ac- 
cording to one embodiment of the present invention. 

The transceiver of the present invention is simi- 
lar to the transceiver described by pending applica- 
tion Serial No. 616,581 by the same inventor, filed 
June 4, 1984 now US patent No 4 584 880 published 
April 29, 1986. 

Rg. 1 shows a preferred functional design of the 
improvements comprising a pulse-receiver perform- 
ing as summarized elsewhere. The functions of the 
AGI master clock 640, pulser 642, probe crystal 
644, TR/ATR switch 646, bandpass filter 648, RF 
preamp 652, and time-controlled gain (TCG) ramp 
generator 650 are the same as in the design of the 
transceiver described in the application Serial No. 
616,581 . The TCG gain control is received by RF am- 
plifier 652 typically a part number MCI 350 by Mo- 
torola, Inc. The frequency spectrum of return ech- 
oes is only broadly confined by the broad bandpass 
filter 648 having a bandpass in the 2-7 MHz range. 
This filter acts as gross preselector whose function 
is mainly to prevent out-of-band (e.g. broadcast ra- 
dio interference) signals from overloading amplifier 
•652 and causing intermodulation (IM) distortion in 
subsequent stages. A "tissue signature control" 
..(TSC) ramp is generated at 656 and this signal fre- 
quency modulates a varactor-diode controlled volt- 
age-controlled oscillator (VCO) 658 whose function 
in the system is to act as a local oscillator in an up- 
conversion superheterodyne receiver. The output 
of VCO 658 is combined with the amplified RF echo 
signal at leads 659 at balanced modulator 660, typi- 
cally part number MC1596 by Motorola, 1nc. f to pro- 
duce sum-and-difference-frequency signals at 
point 664. A balanced modulator is used as the mix- 
i er stage because this method produces sum-and- 
L difference components and suppresses the local 
'oscillator in its output signal at leads 661 without the 
cneed for band-reject or notch filters. The upcon- 
< verted signals at point 661 are applied to bandpass 
filter 662 that passes the difference frequency 
while rejecting the sum frequency. The output at 
leads 663 from this bandpass filter is fed into the 
"intermediate frequency" amplifier 664, also an 
MC1350, (a term borrowed from typical down-con- 
version superheterodyne receivers). The output at 
leads 665 is applied to a bandpass filter 666 identi- 
cal to filter 662. The purpose of the second filter 
666 is to steepen the dropoff rate of the skirts of 
the filter function of 662 so as to maximize the rejec- 
tion of the sum frequencies. The output 667 is ap- 
plied to log compressor 678, typically a part number 



441 by Texas Instruments Corp., to video detector 
680, and the output is deconvolved by circuit 682, 
resulting in the "analog video output" 684. The cir- 
cuit 682 includes an amplifier 690 having a gain ad- 

5 justment to provide contrast control. The subse- 
quent filter 692 provides the deconvolution time 
function indicated within block 692 to provide image 
signal enhancement The signal is buffered by ampli- 
fier 694, which also receives a blanking signal to in- 
to hibit the output video signal during the scan retrace 
time. It is important that filters 662 and 666 reject 
the sum frequency signal as improved sum frequen- 
cy signal rejection greatly simplifies the problem of 
performing optimum envelope detection at 680 and 

15 deconvolution at 682. 

The frequency upconversion process will be mod- 
elled in order to appreciate the importance of ade- 
quate sum frequency rejection, shown in Rg. 2. The 
descending echo spectrum 700 is mixed with a de- 

20 scending local oscillator frequency 702 in the neigh- 
borhoood of 17 MHz to produce a constant 
"intermediate frequency" spectrum 704 at the dif- 
ference frequency of 14 MHz. The sum frequency 
spectrum 706, occurring at 19-21 MHz should be re- 

25 jected from the IF amplification process. Otherwise 
a heterodyne in the neighborhood of 6 MHz will ap- 
pear in the detector output 

Fig. 3 clarifies these events. A typical single in- 
coming RF echo signal 720 will have a 3-MHz carri- 

30 er frequency and a duration of 1 microsecond. The 
video, or picture envelope information (pixel detail) 
is* indicated by 722. The unconverted equivalent of 
720, filtered to pass only the difference frequency 
is indicated as 724. The significance of the wave- 

35 form 724 is that it contains a perfect reconstruction 
of the original envelope 722 and a high frequency 
carrier 726 of 14 MHz. Such a waveform, passing 
through a simple detector, can easily produce a 
nearly perfect video representation of the original 

40 envelope (728). If the sum frequency component en- 
ters the IF amplifier, the resulting waveform 730 
produces a 6-MHz heterodyne 732, which leads to 
a "dirty" detection 734 comprising 6 MHz ripple 
content The detector output 728 or 734 must be 

45 free of ripple content, at either 6 or 17 MHz, be- 
cause the post-processing deconvolution has the 
effect of preemphasizing high-frequency ripple 
components in the detector output However, there 
is less space and cost involved in improving the IF 

50 bandpass curve to steepen the skirts than to em- 
ploy high-order lowpass filters within the detector 
stage. Also, by using more bandpass filtering at the 
IF level, there is better rejection of residual local 
oscillator signal. This is important because pres- 

55 ence of the local oscillator at point 676 (of Rg. 1) 
can pre-bias the demodulator 680 (of Rg. 1), there- 
by artificially masking signal detection in the -30 dB 
range because of the continuously present oscilla- 
tor feedthrough. The difference signal is used rath- 

60 er than the sum signal because the oscillator residu- 
als are higher in frequency than the IF frequency, 
hence the oscillator feedthrough Is more easily sup- 
pressed. An upconversion receiver is used (rather 
than the customary downconversion type) because 

65 true envelope reconstruction with a very high ripple 
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frequency (2x14 MHz) is produced in a very direct 
way, and the filtering is much more economical be- 
cause fewer filters are necessary and because the 
inductances at the IF frequency are smaller. Tuning 
is not critical because the entire receiver design is 5 
inherently broadbanded (approximately equal to 10 
percent relative bandwidth). The employment of su- 
perheterodyne receiver of this type has the advan- 
tage that signals are shifted far away from the in- 
coming RF spectrum early in the processing: the 10 
feedback problem is minimal compared to a straight 
baseband RF (or TRF) receiver or even compared 
to a conventional downconversion superhetero- 
dyne. Moreover, the upconversion receiver can 
be adapted to operate in several distinct frequency 15 
ranges (3.5, 5 f 7.5 MHz of Fig. 4) by introducing a 
switchable DC bias into the TSC ramp waveform. 
This can be accomplished by the use of an operator 
switch 688 that acts on generator 656 (of Fig. 1 ). 

In the event that a frequency range switch 688 is 20 
not used, the entire receiver will function with a sin- 
gle choice of ultrasound transducer frequency 
spectra, and the broad bandpass filters 648 or 654 
can have their passband reduced only to cover the 
more limited range to minimize IM distortion. The 25 
choices available for the broad passband filters 
648 or 654 are summarized in Rg. 5. 

The frequency response 800 for the broad band- 
pass filters 648 or 654 for the general case 
(receiver switchable among three frequency rang- 30 
es) is wide enough to admit every frequency capa- 
ble of being tissue signature-processed. For exam- 
ple, if the receiver were to function for a 3.5-MHz 
crystal, the passbands 802, 804, 806 would be ac- 
tive through the entire receiver. When the receiver 35 
is switched to the 5-MHz mode, a similar set of mov- 
ing passbands becomes active in region 808. Obvi- 
ously the total frequency response 800 of filters 
648 and 654 need be only as broad as selectable 
passbands employed through the manner of pro- 40 
gramming the local oscillator, it should be noted that 
programming the local oscillator 658 is a much more 
economical way of -moving the passband frequency 
spectra of a receiver than dynamically tuning high- 
pass and lowpass filter sections. 45 

In the field of diagnostic medical ultrasound, this 
oscillator tuning after the preselector filter is gen- 
erally permissible only because the ratio of stop- 
band to passband amplitudes is lower than in the 
case of the "strong adjacent carrier" problem in 50 
commercial (short wave) communications systems, 
plagued with substantial signal fading problems. 

The main source of "strong adjacent carrier" sig- 
nal in ultrasound is the low-frequency component 
(1.6-2.3 MHz) present along with the high-frequen- 55 
cy information spectra (3.5-4.8 MHz) of interest 
when imaging near echoes. Since even this strong 
low-frequency component rarely exceeds the ampli- 
tude of the high-frequency components, there is 
generally no significant problem in allowing all fre- 60 
quencies to slip through the preselector (648, 652, 
654 of Rg. 1) and to feed the balanced modulator. 

When considering ultrasound receiver designs 
with extremely wide dynamic range (approximately 60 
dB at any given depth, approximately 85-105 dB 65 



over the entire echo-train range), the absolutely 
perfect suppression of intermodulation distortion 
arising from low-frequency components entering 
the modulator may become important In order to 
achieve this higher merit of receiver performance, 
the upconversion receiver of Rg. 1 includes a 
"tracking preselector* (replacing 648," 652 of Rg. 1) 
with tunable RF circuitry being controlled by a signal 
on leads 657 from the ramp generator 656. By com- 
bining a narrow passband tunable preselector with 
the full upconversion feature, one in essence ob- 
tains the maximum possible dynamic range (reducing 
IM distortion and noise) for a given bandwitdth (rise 
time merit). 

Claims 

1. An ultrasound transceiver comprising 

- an ultrasound transducer (644), 

- generator means (640, 642) for supplying to 
said transducer electrical excitation signals re- 
sulting in the transmission, into a medium under 
test, of ultrasonic signals of predetermined ampli- 
tude and of a selected spectral bandwidth, 

- receiver means (648, 652, 654, 658-692) for 
processing the electric output signals generated 
by the transducer in response to ultrasonic ech- 
oes resulting from reflections in the medium of 
the transmitted ultrasonic signals, the receiver 
means comprising controllable frequency selec- 
tion means (648, 654, 660, 662, 666) arranged to 

* vary the center frequency of the receiver pass- 
band, 

- control means (640, 656) arranged to control 
the variation of the center frequency of the re- 
ceiver passband in such a way that this frequen- 
cy follows the decrease of the center frequency 
of the ultrasonic echoes received after each 
transmission of an ultrasonic signal from increas- 
ing depths of penetration, 

characterised in that 

- the frequency selection means comprises 

a) a superheterodyne receiver circuit (658- 
666) including a mixer (660), an IF filter circuit 
(662, 666) having a passband above the fre- 
quency band of the electric output signals from 
the transducer, and a controllable local oscilla- 
tor 

(658) arranged to supply to the mixer after 
each transmission of an ultrasonic signal a 
swept frequency signal of a sweep period cor- 
responding to the time interval during which 
echoes are received after transmission of an 
ultrasonic signal, 

b) tunable bandpass filter means (648, 654) 
connected to the input of the superheterodyne 
receiver circuit and having a passband which 
is narrow in comparison with the frequency 
range across which the center frequency of 
the ultrasonic signals varies during said time 
interval, 

-the control means being arranged to tune the 
bandpass filter means as a function of the center 
frequency of the received ultrasonic signals and 
to control the swept frequency signal so as to 
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provide up-conversion of the electric output sig- 
nals from the transducer into the passband of the 
IF-filter. 

2. The ultrasound transceiver as claimed in claim 
1, wherein said receiver circuit comprises a detec- 5 
tor (682) and means responsive to the detector 
ouput signal for displaying an image according to 
said detector output signal. 

Patentanspruche 1 o 

1. UltraschaIIsender/-empfanger mit 

- einem Ultraschallwandler (644), 

- Generatoreinrichtungen (640, 642) zur Versor- 
gung des Wandlers mit elektrischen Erregersi- 15 
gnalen, die innerhalb eines zu prOfenden Medi- 
ums die Transmission von Ultraschallsignalen 
vorbestimmter Amplitude und einer ausgewahlten 
spektralen Bandbreite bewirken, 

- Empfangseinrichtungen (648, 652, 654, 658- 20 
692) zur Verarbeitung der durch den Wandler ais 
Antwort auf Ultraschallechos erzeugten elektri- 
schen Ausgangssignale, wobei die Echos von Re- 
ftexionen der transmittierten Ultraschallsignale in 

dem Medium herrOhren, wobei die Empfangsein- 25 
richtungen steuerbare Frequenzwahleinrichtun- 
gen (648, 654, 660, 662, 666) umfassen, welche 
die Mittenfrequenz des Passbands des Empfan- 
gers verandem, 

- Steuereinrichtungen (640, 656), die dazu die- 30 
nen, die Veranderung der Mittenfrequenz des 
Passbands des Empfangers so zu steuern, daB 
diese Frequenz der bei zunehmender Eindringtie- 

fe auftretenden Abnahme der Mittenfrequenz 
der Ultraschallechos folgt, die nach jeder Trans- 35 
mission eines Ultraschallsignales empfangen war- 
den, 

dadurch gekennzeichnet 

- daB die Frequenzwahlein richtungen aufweisen: 

a) einen Superheterodyn-Empfangerkreis 40 
(658-666) mit einem Mischer (660), einem 2F- 
Rlterkreis (662, 666) der ein Passband ober- 
halb des Frequenzbandes der elektrischen 
Ausgangssignale des Wandlers aufweist, und 

mit einem steuerbaren Oberlagerungsoszillator 45 
(658), der so angeordnet ist, daB er dem Mi- 
scher nach jeder Transmission eines Ultra- 
schallsignales ein gewobbeltes Frequenzsignai 
mit einer Wobbelperiode zufuhrt, die dem Zeit- 
intervall entspricht, wahrend dem Echos nach 50 
Transmission eines Ultraschallsignales erhal- 
ten werden, 

b) abstimmbare Bandpassfiltereinrichtungen 
(648, 654), die mit dem Eingang des Superhete- 
rodyn-Empfangerkreises verbunden sind und 55 
ein Passband aufweisen, das schmal ist im Ver- 
haltnis zu dem Frequenzbereich, innerhalb 
dessen sich die Mittenfrequenz des Ultra- 
schallsignals wahrend des Zeitintervailes ver- 
andert, 60 

- und daB die Steuereinrichtungen so angeordnet 
sind, daB sie die Bandpassfiltereinrichtungen in 
Abhangigkeit von der Mittenfrequenz des emp- 
fangenen Ultraschallsignales einsteilen und daB 

sie das Wobbelfrequenzsignal steuern, urn so ei- 65 



ne Aufwartsmischung des elektrischen Aus- 

gangssignales von dem Wandler in das Passband 

des ZF-Filters vorzusehen. 

2. UltraschallsenderAempfanger nach Anspruch 
1, dadurch gekennzeichnet, daB der Empfanger- 
kreis einen Detektor (682) sowie Einrichtungen um- 
faBt, die auf das Ausgangssignal des Detektors an- 
sprechen und ein dem Detektorausgangssignal ent- 
sprechendes Bild zeigen. 

Revendications 

1. Un emetteur-recepteur uftrasonique compre- 
nant 

- un transducteur ultrasonique (644), 

- des moyens emetteurs (640, 642) pour foumir 
audit transducteur des slgnaux 6lectriques d'exct- 
tation provoquant la transmission, dans un milieu 
en cours d'essai, de signaux ultrasoniques d'am- 
piitude predeterminee et presentant una largeur 
de bande spectraie selectionnee, 

- des moyens recepteurs (648, 652, 654, 658 a 
692) pour trailer les signaux electriques de sortie 
emis par le transducteur en reponse aux echos ul- 
trasoniques resultant des reflexions dans te mi- 
lieu des signaux ultrasoniques transmis, les 
moyens recepteurs comprenant des moyens de 
selection de frequence reglables (648, 654, 660, 
662, 666) agences pour faire varier la frequence 
centrale de la bande passante du recepteur, 

- des moyens de commande (640, 656) agences 
* pour commander la variation de la frequence cen- 
trale de la bande passante du recepteur de telle 
facon que cette frequence suive la diminution de 
la frequence centrale des echos ultrasoniques 
recus apres chaque transmission d'un signal ul- 
trasonique sur des profondeurs de penetration 
croissantes, 

caractsrise en ce que: 

- les moyens de selection de frequence compor- 
tent: 

a) un circuit recepteur superheterodyne (658 a 
666) comprenant un melangeur (660), un circuit 
de filtre a frequence intermediate (662, 666) 
presentant une bande passante superieure a 
la bande de frequence des signaux electriques 
de sortie en provenance du transducteur, et 
un osciliateur local reglable (658) agence pour 
foumir au melangeur, apres chaque transmis- 
sion d'un signal ultrasonique, un signal de fre- 
quence bafayee pour une periode de balayage 
correspondant a 1'intervaJIe de temps pendant 
lequel on recoit des echos, apres transmission 
d'un signal ultrasonique, 

b) des moyens de filtre accordables de passa- 
ge de bande (648, 654) relies a {'entree du cir- 
cuit recepteur superheterodyne et presentant 
une bande passante qui est etroite par compa- 
raison avec (a gamme de frequence sur laquel- 
le la frequence centrale des signaux ultrasoni- 
ques varie au cours dudit intervalle de temps, 

-les moyens de commande etant agences pour ac- 
corder les moyens de filtre de passage de bande 
en fonction de la frequence centrale des signaux 
ultrasoniques recus et pour commander le signal 
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de frequence balayee, de facon a realiser une 
superposition des signaux electriques de sortie 
en provenance du transducteur dans la bande 
passante du filtre a frequence intermediate. 
2. L'emetteur-rScepteur ultrasonique selon la re- 5 
vendication 1, dans lequel ledit circuit recepteur 
comprend un detecteur (682) et des moyens sensi- 
btes au signal de sortie de detecteur, afin d'afficher 
une image correspondant audit signal de sortie de 
detecteur. 10 
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